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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER, 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT, 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS 
AFTER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API PUBLICATIONS DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1994 American Petroleum Institute 
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FOREWORD 


This publication covers the determination of the water content of petroleum products and 
bituminous materials by the distillation method. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordina- 
tion, Industry Services Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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Chapter 10—Sediment and Water 


SECTION 5—WATER DETERMINATION IN PETROLEUM 
PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 


10.5.1 Scope 


This test method covers the determination of water in petroleum products and bitumi- 
nous materials by the distillation method in the range from 0 to 25 volume percent water. 
The specific products considered during the development of this test method are listed in 
Table 1. For bituminous emulsions refer to ASTM D 244. This method along with API 
MPMS Chapter 10.2 (ASTM D 4006 and IP 358) supersedes API Standard 2560 and the 
previous edition of ASTM D 95 (IP 74). 

Note |: With some types of oil, satisfactory results may be obtained from API MPMS Chapter 10.3 (ASTM 
D 4007 and IP 358) and API MPMS Chapter 10.6 (ASTM D 1796). 

Note 2: This standard may involve hazardous materials, operations, and equipment. This standard does not purport 
to address all of the safety problems associated with its use. It is the responsibility of whoever uses this standard 


to consult and establish appropriate safety and health practices and determine the applicability of regulatory 
limitations prior to use. For specific precautionary statements, see 10.5.5.1, Item b, and 10.5.5.1, Item c. 


10.5.2 Referenced Publications 


The following standards, test methods, and publications are cited in this standard. 


ACGIH! 
Threshold Limit Values for Chemical Substances and Physical Agents in the Work 
Environment 
API 


Publ 2026 Safe Descent Onto Floating Roofs of Tanks in Petroleum Service 

Publ 2217 Guidelines for Work in Confined Spaces in the Petroleum Industry 

Manual of Petroleum Measurement Standards 
Chapter 8.1, “Manual Sampling of Petroleum and Petroleum Products” 
(ASTM D 4057) 
Chapter 8.2, “Automatic Sampling of Petroleum and Petroleum Products” 
(ASTM D 4177) 
Chapter 10.2, “Determination of Water in Crude Oil by Distillation” 
(ASTM D 4006) (IP 358) 
Chapter 10.3, “Determination of Water and Sediment in Crude Oil by the 
Centrifuge Method (Laboratory Procedure)” (ASTM D 4007) 
Chapter 10.6, “Determination of Water and Sediment in Fuel Oils by the 
Centrifuge Method” (ASTM D 1796) 
Chapter 10.7, “Standard Test Method for Water in Crude Oil by Karl 
Fischer Titration (Volumetric)’ (ASTM D 4377) 
Chapter 10.9, “Standard Test Method for Water in Crude Oils by Coulo- 
metric Karl Fischer Titration” (ASTM D 4928) 


ASTM? 
D&86 Method for Distillation of Petroleum Products (IP 123) 
D95_ Test Method for Water in Petroleum Products and Bituminous Materials by 
Distillation 
D244 Test Methods for Emulsified Asphalts 


' American Conference of Governmental Industrial Hygienists, 6500 Glenway Avenue, Building D-7, Cincinnati, 


Ohio 45211. 
2 ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103-1187. 
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CHAPTER 10—SEDIMENT AND WATER 


D 1744 Test Method for Water in Liquid Petroleum Products by Karl Fischer Reagent 

D1796 Test Method for Determination of Water and Sediment in Fuel Oils by the 
Centrifuge Method (API MPMS Chapter 10.6) 

D 2892 Method for Distillation of Crude Petroleum (15-Theoretical Plate Column) 

D4006 = Test Method for Water in Crude Oil by Distillation (API MPMS Chapter 10.2) 

D 4007 Test Method for Water and Sediment in Crude Oil by the Centrifuge Method 
(Laboratory Procedure) (API MPMS Chapter 10.3) 

D4057_ ~~ Practice for Manual Sampling of Petroleum and Petroleum Products (API 
MPMS Chapter 8.1) 

D4177 Method for Automatic Sampling of Petroleum and Petroleum Products 
(API MPMS Chapter 8.2) 

D 4377 Test Method for Water in Crude Oils (Karl Fischer) Titration (API MPMS 
Chapter 10.7) 

D 4928 Test Method for Water in Crude Oils by Coulometric Karl Fischer Titration 
(API MPMS Chapter 10.9) 

E123 Specification for Apparatus for Determination of Water by Distillation 


BSP 
756 Dean and Stark Apparatus 


OSHA* 
Occupational Safety and Health Standards, 29 Code of Federal Regulations Section 
1910.1000 and following 


10.5.3 Principle 


The material to be tested is heated under reflux with a water-immiscible solvent, which 
co-distills with the water in the sample. Condensed solvent and water are continuously 
separated in a trap, the water settling in the graduated section of the trap and the solvent 
returning to the still. 


10.5.4 Significance and Use 


10.5.4.1. A knowledge of the water content of petroleum products is important in the 
refining, purchase, sale, and transfer of products. 


10.5.4.2 The amount of water as determined by this method (to the nearest 0.05 volume 
percent) shall be used to correct the volume involved in the custody transfer of petroleum 
products and bituminous materials. 


10.5.5 Solvent-Carrier Liquid 


A solvent-carrier liquid appropriate to the material being tested (see Table 1) shall be used. 


Table 1—Type of Solvent-Carrier Liquid Versus Material to be Tested 


Type of Material 
Solvent-Carrier Liquid To Be Tested 
Aromatic Asphalt, tar, coal tar, water gas tar, road tar, cutback 


bitumin, liquid asphalt, tar acid 
Petroleum distillate Road oil, fuel oil, lubrication oil, petroleum sulfonates 


Volatile spirits Lubricating grease 


3 British Standards Institute, 2 Park Street, London, W1A 2BS, United Kingdom. 
4 Occupational Safety and Health Administration, U.S. Department of Labor. The Code of Federal Regulations is 
available from the U.S. Government Printing Office, Washington, D.C. 20402. 


Copyright por American Petroleum Institute 
Fri Oct 08 15:57:29 2004 


API MPMS*10-.5 94 MB 0732290 0514952 90e 


SECTION 5—WATER DETERMINATION IN PETROLEUM PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 


10.5.5.1 AROMATIC SOLVENTS 
The following aromatic solvents are acceptable: 


a. Industrial grade xylene. 

b. A blend of 20 volume percent industrial grade toluene and 80 volume percent industrial 
grade xylene (WARNING—Flammable. Vapor harmful. See Appendix A.) 

c. Petroleum or coal tar naphtha (WARNING—Extremely flammable. Harmful if inhaled. 
Vapor may cause fire. See Appendix A.), free of water, yielding not more than 5 percent 
distillates at 125°C (257°F) and not less than 20 percent at 160°C (320°F) when tested by 
ASTM D 86 and with a relative density (specific gravity) not lower than 0.8545 at 15.56/ 
13.56°C (60/60°F). 


10.5.5.2 PETROLEUM DISTILLATE SOLVENTS 


A petroleum distillate solvent, 5 percent boiling between 90° and 100°C (194° and 
212°F) and 90 percent distilling below 210°C (410°F), shall be used. These solvents are 
available from most chemical supply companies under the names of stoddard solvent and 
ligroine. 


Note: Percent may be determined by weight or volume. 


10.5.5.3 VOLATILE SPIRITS SOLVENTS 
The following volatile spirits solvents are acceptable: 


a. Petroleum spirit with a boiling range of 100° to 120°C (212° to 248°F). 
b. Isooctane of 95 percent purity or better. 


Note: Percent may be determined by weight or volume. 


10.5.5.4 SOLVENT BLANK 


The water content of the solvent will be determined by distilling an equivalent amount 
of the same solvent used for the test sample in the distillation apparatus and testing as 
outlined in 10.5.9. The blank will be determined to the nearest scale division and used to 
correct the volume of water in the trap in 10.5.10. 


10.5.6 Apparatus 


10.5.6.1 GENERAL 


The apparatus comprises a glass or metal still, a heater, a reflux condenser, and a gradu- 
ated glass trap. The still, trap, and condenser may be connected by any suitable method that 
produces a leakproof joint. Preferred connections are ground joints for glass and O-rings 
for metal to glass. Typical assemblies are illustrated in Figures 1, 2, and 3. The stills and 
traps should be chosen to cover the range of materials and water contents expected. On 
assembly, care should be taken to prevent the joints from freezing or sticking. This may be 
prevented by the application of a very thin film of stopcock grease. 


10.5.6.2 STILL 


A glass or metal vessel with a short neck and suitable joint for accommodating the reflux 
tube of the trap shall be used. Vessels of 500-, 1000-, and 2000-milliliter nominal capacity 
have proved satisfactory. 
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4 CHAPTER 10-——SEDIMENT AND WATER 


10.5.6.3 HEATER 


A Suitable gas burner or electric heater may be used with the glass still. A gas ring burner 
with ports on the inside circumference shall be used with the metal still. The gas ring burner 
shall be of such dimensions that it may be moved up and down the vessel when materials 
are tested that are likely to form or solidify in the still. 


10.5.6.4 GLASSWARE 


Dimensions and descriptions of typical glassware for use in this method are provided in 
ASTM E 123 and British Standard 756. A straight water-cooled condenser with an effective 
length of 400 millimeters is recommended in place of the length of 300 millimeters 
specified in British Standard 756. 

Note: Instead of standardizing on a particular apparatus specification with respect to dimensions and style, a given 


apparatus will be deemed satisfactory when accurate results are obtained by the standard addition technique 
described in 10.5.7. 


Condenser 


100mm 


Scale 
(approximate) 


Receiver 


Stopcock 
(optional) 


Figure 1—Typical Assembly with Glass Still (Dean and Stark) 
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SECTION 5—WATER DETERMINATION IN PETROLEUM PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 5 
] 100mm 
SSE 
Scale 
(approximate) 100mm 
| eaand| 
Scale 
Condenser (approximate) 

J Receiver 

Graduation 

interval 

0.05 milliliter Metal 

still 
J 
J Ring er a 
Joint [T burner 
‘ a. Note: Inside diameter of trap shall be 15 to 16 millimeters. 
Plain joint 
Figure 2—Two-Milliliter Receiver Showing Figure 3—Typical Assemblies with Metal Still 
Alternative Connections to Glass Still 


10.5.7 Calibration 


The entire glassware assembly shall be calibrated prior to use as indicated in 10.5.7.1. 


10.5.7.1 Put 400 milliliters of dry (0.02 percent water maximum) xylene or the solvent 
to be utilized in the analysis of unknown samples in the apparatus and test in accordance 
with 10.5.9. When complete, discard the contents of the trap and add the volume of water 
as specified in Table 2 directly to the distillation flask and test in accordance with 10.5.9. 
Repeat 10.5.7.1 and add 4.5 times the volume specified in Table 2 directly to the flask. The 
assembly of the apparatus is satisfactory only if the trap readings are within the tolerances 
specified in Table 2. 


Table 2—Permissible Limits in Milliliters 


Capacity of Volume of Water Permissible Limits for 
Receiver at 20°C Added to Flask at 20°C Recovered Water at 20°C 


1 1+ 0.05 ml 
l 1+0,05 ml 
1 1+0.1 ml 
5 $+0.2 ml 
12 12+0.2 ml 
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CHAPTER 10—SEDIMENT AND WATER 


10.5.7.2 The accuracy of the graduation marks on the trap shall be certified, or verified, 
using only National Institute of Standards and Technology (NIST)° traceable equipment. 

In Styles A, B, C, and D as specified in Table 3 (Table 1 in ASTM E 123), each sub- 
division (that is, 0.1 ml through 1.0 ml) in the conical portion of the tube shall be verified. 
Thereafter, each major subdivision (that is, 2.0 ml, 3.0 ml, 4.0 ml, and up to the total 
volume of the trap) shall be verified. 

In Styles E and F as specified in Table 3, each major subdivision (0.1 ml, 1.0 ml, 2.0 ml, 
3.0 ml, 4.0 ml, and 5.0 ml in the case of Style E; 0.05 ml, 0.5 ml, 1.0 ml, 1.5 ml, and 2.0 ml 
in the case of Style F) shall be verified. 

If there is a deviation at any of the above specified points greater than the permissible 
error shown in Table 3 (Table 1 of ASTM E 123), the trap shall be rejected. 


Table 3—Specifications and Sizes of Traps 


Description Smallest Scale 
Top of Bottom of Bottom of Size Scale Error 
Style Graduated Graduated Vapor of Trap Range Division Maximum 
Tube Tube Tube ml ml ml] ml 
Oto 1.0 
A ST Joint Conical ST Joint 10 Over 0.1 0.05 
1.0- 10.0 0.2 0.1 
B ST Joint Conical ST Joint Oto 1.0 
Cc ST Joint Conical Plain 25 Over 0.1 0.05 
D ST Plain Conical Plain 1.0 -— 25 0.2 0.1 
E ST Joint Round ST Joint 5 Oto 5.0 0.1 0.05 
10 0 to 10.0 0.1 0.1 
F ST Joint Round ST Joint 2 0 to 2.0 0.05 0.025 


Note: Verification with a NIST traceable 5 milliliter Micro Buret or Micro Pipet, readable to the nearest 0.01 milli- 
liter, is required. 


10.5.7.3 A reading outside the permissible limits suggests a malfunction resulting from 
vapor leaks, too rapid boiling, inaccuracies in calibration of the trap, or ingress of extrane- 
ous moisture. Eliminate these factors before repeating the calibration. 


10.5.8 Sampling 


Sampling is defined as all the steps required to obtain an aliquot of the contents of any 
pipe, tank, or other system and to place the sample into the laboratory test container. Only 
representative samples obtained as specified in API MPMS Chapter 8.1 (ASTM D 4057) 
and API MPMS Chapter 8.2 (ASTM D 4177) shall be used for this method. 

The size of the test portion should be based on the expected water content of the sample, 
such that the water yield does not exceed the capacity of the trap (unless a trap with a 
stopcock is used since excess water can be withdrawn into a graduated cylinder). 


Note: Appendix B contains information on sampling and homogenization efficiency of unknown mixers. This 
procedure should not be followed without strict adherence to Appendix B. 


10.5.9 Procedure 


Note: The precision of this method can be affected by water droplets adhering to surfaces in the apparatus and 
therefore not settling into the water trap to be measured. To minimize the problem, all apparatus must be chemi- 
cally cleaned at least daily to remove surface films and debris that hinder free drainage of water in the test 
apparatus. More frequent cleaning is recommended if the nature of the samples being run causes persistent 
contamination. 


5 National Institute of Standards and Technology, U.S. Department of Commerce, Gaithersburg, MD 20899. 
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SECTION 5—WATER DETERMINATION IN PETROLEUM PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 


10.5.9.1 Measure a suitable amount of sample to an accuracy of +1 percent and transfer 
) it to the still. 


10.5.9.1.1 Measure ordinary liquid samples in a graduated cylinder of an appropriate 
size. Rinse the material adhering to the cylinder with one 50-milliliter and two 25-milliliter 
portions of the solvent-carrier liquid (see 10.5.5 and Table 1). Drain the cylinder thoroughly 
after the sample transfer and each rinsing. 


aoe 


10.5.9.1.2 Weigh solid or viscous materials directly into the still and add 100 milliliters 
of the selected solvent-carrier liquid. In cases of material with a low-water content when 
large samples must be used, a solvent-carrier liquid volume in excess of 100 milliliters may 
be necessary. 


10.5.9.1.3 Glass beads or other boiling aids may be added, if necessary, to reduce 
bumping. 


ne 


10.5.9.2 Assemble the components of the apparatus as illustrated in Figures 1, 2, and 3, 
choosing the trap in accordance with the expected water content of the sample and making 
all connections vapor and liquid tight. If a metal still with a removable cover is used, insert 
a gasket of heavy paper, moistened with solvent, between the still body and the cover. The 
condenser tube and trap must be chemically clean to assure free drainage of water into the 
bottom of the trap. Insert a loose cotton plug in the top of the condenser to prevent conden- 
sation of atmospheric moisture inside it. As an option, the installation of a drying tube on 
top of the reflux condenser should be considered. Circulate cold water through the jacket 
of the condenser. 


10.5.9.3 Apply heat to the still, adjusting the rate of boiling so that condensed distillate 
discharges from the condenser at the rate of 2 to 5 drops per second. If the metal still is used, 
start heating with the ring burner about 76 millimeters (3 inches) above the bottom of the 

still and gradually lower the burner as the distillation proceeds. Continue distillation until 
no water is visible in any part of the apparatus except in the trap and the volume of water 
in the trap remains constant for 5 minutes. If there is a persistent ring of water in the 
condenser tube, carefully increase the rate of distillation or cut off the condenser water for 
a few minutes. 


10.5.9.4 When the evolution of water is complete, allow the trap and contents to cool to 
room temperature. Dislodge any drops of water adhering to the sides of the trap with a glass 
rod (polytetrafluoroethylene) (PTFE) scraper or other suitable means and transfer them to 
the water layer. Read the volume of the water in the trap to the nearest scale division. 


10.5.9.5 A solvent blank will be established as outlined in 10.5.5.4. 


10.5.10 Calculation 


Calculate the water in the sample as volume or weight percent, in accordance with the 
basis on which the sample was taken, as follows: 


a, Water, volume percent = 


(Volume of water in trap, ml) — (Solvent blank, ml) is 


Volume, ml of test sample re 


b. Water, weight percent = 


(Volume of water in trap, ml) — (Solvent blank, ml) 


100 x 1.0g/ml 
Mass, grams of test sample s Caen 


Volatile water-soluble material, if present, may be measured as water. 
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8 CHAPTER 10—SEDIMENT AND WATER 


Report the result as the water content to the nearest 0.05 percent if the 2-milliliter receiv- 
er has been used and to the nearest 0.1 percent if the 10-milliliter or 25-milliliter receiver 
has been used with a 100-milliliter or 100-gram sample. 


10.5.11 Precision and Bias 


The criteria described in 10.5.11.1 and 10.5.11.2 should be used to judge the accepta- 
bility of results (95 percent probability) when the 10-milliliter or 25-milliliter trap is used. 
The precision when the 2-milliliter trap is used has not been established. 


Table 4—Precision 


Water Collected Difference 
Type (milliliters) (milliliters) 
Repeatability ; 0.0 — 1.0 0.1 
1.1-25 0.1 or 2 % of the mean, 
whichever is greater 
Reproducibility 0.0- 1.0 0.2 
1.1 -25 0.2 or 10 % of the mean, 


whichever is greater 


10.5.11.1 REPEATABILITY 


The difference between successive test results, obtained by the same operator with the 
same apparatus under constant operating conditions on identical test material, would, in the 
long run, in the normal and correct operation of the test method, exceed the values in 
Table 4 in only one case in twenty. 


10.5.11.2 REPRODUCIBILITY 


The difference between two single and independent test results obtained by different 
operators working in different laboratories on identical test material, would, in the long run, 
in the normal and correct operation of the test method, exceed the values in Table 4 in only 
one case in twenty. 


10.5.11.3 BIAS 


Since there is no accepted reference material suitable for determining the bias for the 
procedure described in this section for measuring water in petroleum products and bitumi- 
nous materials by distillation, no statement about bias is being made. 
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APPENDIX A—PRECAUTIONARY INFORMATION 


A.1_ Physical Characteristics and Fire Considerations 


A.1.1 Personnel involved in the handling of petroleum-related substances (and other 
chemical] materials) should be familiar with their physical and chemical characteristics, 
including potential for fire, explosion, and reactivity, and appropriate emergency pro- 
cedures. These procedures should comply with the individual company’s safe operating 
practices and local, state, and federal regulations, including those covering the use of 
proper protective clothing and equipment. Personnel should be alert to avoid potential 
sources of ignition and should keep the materials’ containers closed when not in use. 


A.1.2 API Publication 2217 and Publication 2026 and any applicable regulations should 
be consulted when sampling requires entry into confined spaces. 


A.1.3. INFORMATION REGARDING PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


A.2 Safety and Health Considerations 


A.2.1| GENERAL WARNING 


A.2.1.1 Potential health effects can result from exposure to any chemical and are depen- 
dent on the toxicity of the chemical, concentration, and length of the exposure. Everyone 
should minimize his or her exposure to workplace chemicals. The following general 
precautions are suggested: 


a. Minimize skin and eye contact and breathing of vapors. 

b. Keep chemicals away from the mouth; they can be harmful or fatal if swallowed or 
aspirated. 

c. Keep containers closed when not in use. 

d. Keep work areas as clean as possible and well ventilated. 

e. Clean up spills promptly and in accordance with pertinent safety, health, and environ- 
mental regulations. 

f. Observe established exposure limits and use proper protective clothing and equipment. 


Information on exposure limits can be found by consulting the most recent editions of 
the Occupational Safety and Health Standards (29 Code of Federal Regulations Section 
1910.1000 and following) and the ACGIH publication Threshold Limit Values for Chemical 
Substances and Physical Agents in the Work Environment. 


A.2.1.2 INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND 
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND 
CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFAC- 
TURER, OR THE MATERIAL SAFETY DATA SHEET. 


A.2.2. ACETONE WARNING 


Health effects can result from exposure to acetone via contact with the skin and eyes, 
breathing of vapors, or swallowing. Acetone exhibits local irritant properties that may be 
manifested by dermatitis; stinging of the eyes, nose, or throat; or irritation of the respiratory 
system. Acute exposure to acetone above permissible exposure limits may result in adverse 
systemic effects, including effects on the dermatological or central nervous system. Indica- 
tions of a systemic effect may include skin irritation, headache, dizziness, drowsiness, loss 
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of appetite, and nausea. There may also be long-term (chronic) health effects of varying 
severity from exposure to acetone. 


A.2.3) NAPTHA WARNING 


Extremely flammable. Harmful if inhaled. Vapors may cause flash fire. Keep away from 
heat, sparks, and open flame. Keep container closed. Use with adequate ventilation. Avoid 
a buildup of vapors, and eliminate all sources of ignition, especially nonexplosionproof 
electrical apparatus and heaters. Avoid prolonged breathing of vapors or spray mist. Avoid 
prolonged or repeated skin contact. 


A2.4 XYLENE/TOLUENE WARNING 


Flammable. Vapor harmful. Keep away from heat, sparks, and open flame. Keep con- 
tainer closed. Use with adequate ventilation. Avoid breathing of vapor or spray mist. Avoid 
prolonged or repeated contact with skin. 
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APPENDIX B—MANDATORY INFORMATION: PETROLEUM 
PRODUCT AND BITUMINOUS MATERIAL SAMPLE CONTAINER 
MIXER PROVING PROCEDURE 


B.1 Definitions 


B.1.1 Sampling is defined as all the steps required to obtain an aliquot that is representa- 
tive of the contents of any pipe, tank, or other system and to place that aliquot in a container 
from which a representative test sample can be taken for analysis. The sample container and 
sample volume shall be of sufficient dimensions and volume to allow mixing as described 
in B.3 and B.4. 


Note: Samples that are not in a fluid state at room temperature may have to be heated to a fluid state to perform 
this test. 

B.1.2 Sample container is defined as the container in which sample is presented for anal- 
ysis. Only representative samples obtained as specified in API MPMS Chapter 8 (ASTM D 
4057 and D 4177) shall be used. Examples of sample containers include the following: 


a. Sample bottles from a manual sampling procedure. 
b. Sample receivers used in automatic sampling systems. 
c. Storage bottles and cans holding retention sample from a previous analysis. 


B.1.3 Test specimen is defined as the aliquot taken from the sample container for analy- 
sis. Once drawn from the sample container the entire volume of test specimen is to be 
placed in the laboratory glassware or apparatus and used in the analysis without being 
placed in an intermediate container. 


B.2 Sample Mixers 


Before a test specimen is drawn from the sample container, the sample container must be mixed 
to create a homogenous mixture. Sample container mixers fall into two basic categories. 


B.2.1 INSERTION MIXERS 


Insertion mixers are stand-alone devices that are not an integral part of a given system. 
These units usually can be used on a variety of different types and sizes of sample contain- 
ers. Units commonly referred to as non-aerating, high-speed shear mixers are an example 
of an insertion mixer. Insertion mixers may also be of a circulating loop design where a suc- 
tion port is inserted into the sample container and sample is circulated externally through a 
static mixer to be discharged back into the sample container through a dispersal system. 


B.2.2 CLOSED LOOP MIXERS 


A closed loop mixer is normally designed as a part of an automatic sampling system. The 
unit may be an integral part of a stationary sample receiver or a stand-alone unit used for 
portable sample receivers. Being of a closed loop design, the unit maintains the sample 
under the same conditions of pressure while it is being mixed as when it was collected. 


B.3 Proving Test for Insertion Laboratory Mixers 


The ability of each unknown mixer to create a homogenous mixture in a given sample 
container must be evaluated before the mixer is used. In the case of insertion mixers, each 
mixer must be reevaluated for any change in product characteristics such as API gravity or 
viscosity, volume of the sample container, type of sample container, change in mixing con- 
ditions such as mixing speed or mixing time, and increase in free water level. It is 
recommended that a form similar to Attachment A be completed and maintained on file for 
each test conducted. 
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B.3.1 RECOMMENDED TEST PROCEDURES, EQUIPMENT, AND 
MATERIALS 


B.3.1.1 Test Procedures 
Water content may be determined by any of the following methods. 


a. ASTM D 95 (API MPMS Chapter 10.5), Test Method for Water in Petroleum Products 
and Bituminous Materials by Distillation. 

b. ASTM D 1744, Test Method for Water in Liquid Petroleum Products by Karl Fischer 
Reagent. 

c. ASTM D 4928, Test Method for Water in Crude Oils by Coulometric Karl Fischer 


Titration. 


B.3.1.2 Test Equipment and Materials 


. Four place laboratory balance (capable of reading to 0.0001 g). 
. One place laboratory balance (capable of reading to 0.1 g). 

. Two gas-tight syringes with 127-millimeter (5-inch) needles. 
Mixer. 

Heater. 

Sample container. 

. Beakers. 

. Dry petroleum product/Bituminous material. 

Deionized, distilled water. 

Ice bath (as required). 
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B.3.2 BASE WATER DETERMINATION 


B.3.2.1 Products used in proving tests should contain less than 0.1 percent entrained 
water and no free water. To arrive at this level of water, it may be necessary to perform a 
preliminary distillation to remove excess water as described in ASTM D 2892 (Annex 8). 


B.3.2.2 Weigh an empty sample container to the nearest 0.01 g. Fill the container to the 
level normally used (usually 80 percent full) with dry product. 


B.3.2.3 Immerse the mixer or suction port into the product to a point about 2 millimeters 
(%¢ inch) above the bottom of the container and mix the product at the speed and for the 
duration expected to be used in normal operations. Suggested mixing time for variable 
speed mixers is 1 to 5 minutes at 5,000 to 7,000 rpm. Suggested mixing time for fixed speed 
circulation mixers is 5 minutes. 


B.3.2.4 Immediately determine the waler content based on duplicate readings that agree 
within 0.05 percent (absolute). Calculate the average water content to the nearest 
0.1 percent. If results do not agree to those tolerances, repeat as in B.3.2.3 until conditions 
are established that provide satisfactory agreement. 


B.3.3 TEST FOR KNOWN WATER LEVEL 


B.3.3.1 On completion of B.3.2, weigh the product and container. Volumes less than 
0.95 L (1 quart) weigh to the nearest 0.01 g. Larger volumes weigh to the nearest 0.1 g. 


B.3.3.2 Knowing the weight of the product, add enough water to increase the water 
content of the dry product to a level 1 percent above the normal high level of water that 
would be expected for the product being tested. To add water to sample volumes less than 
0.95 L (1 quart), use a syringe that is weighed to the nearest 0.1 mg before and after 
injection of the water. It is preferable to use a needle that will reach to the bottom of the 
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container. The needle should be wiped free of water or product before each weighing. A 
beaker may be used to add water to sample containers larger than 0.95 L (1 quart). 


B.3.3.3 Calculate the percent mass of water in the sample container giving consid- 
eration to the following: 


a. Base water found in B.3.2. 
b. Weight of water added in B.3.3.2. 


B.3.3.4 Let the sample container sit undisturbed for 15 minutes after adding the water, 
and then immerse the mixer at the same point and level as in B.3.2.3. Mix the sample at the 
same speed and duration used in B.3.2.3. Care must be taken to prevent a rise in 
temperature that would cause liquid or foam to boil from the sample container. To prevent 
a boil-over, it may be necessary to place the sample container in an ice bath. 


B.3.3.5 At the end of the mixing time but prior to turning off or slowing down the mixer, 
draw duplicate test specimens and test immediately for percent water. Turn off the mixer 
and let the sample container sit undisturbed for 15 minutes. At the end of 15 minutes, draw 
duplicate test specimens and test for percent water. 


B.3.4 ANALYSIS OF RESULTS 


B.3.4.1 The mixer, position of the mixer head or suction/discharge ports, and mixing 
time are adequate when duplicate test specimens are obtained that agree within 0.1 percent 
(absolute) of each other and the calculated percent mass in B.3.2.4. 


B.3.4.2 If acceptable results have been obtained by taking test specimens while the 
mixer is running and it will be normal practice to take test specimens while the mixer is 
running, no further testing is required. This, of course, assumes that in actual practice 
duplicate test specimens are drawn directly into the laboratory glassware or test apparatus 
and not into an intermediate container. 


B.3.4.3 If in actual practice the mixer must be shut down to draw test specimens into the 
laboratory glassware or test apparatus, the mixer must produce a mixture that remains stable 
for 15 minutes after mixing as determined by the 15-minute test specimens taken in B.3.3.5. 


B.3.4.4 If acceptable results have not been obtained, the proving test must be repeated 
on fresh portions of product and water in a clean sample container while the power, mixing 
time, or the height of the mixer head or suction/discharge ports or a combination thereof is 
changed until the chosen conditions result in a mixture that yields the required agreement 
within an acceptable time. These conditions of power, mixing time, and depth of mixer 
head or suction/discharge ports should then be used for all subsequent mixing operations 
for that sample container and product. Experience has shown that if agreement has not been 
obtained on duplicate test specimens drawn after 15 minutes of mixing with the mixer 
running, additional mixing time is normally of no value. A change in one of the other 
conditions is necessary. 


B.4 Proving Test for Closed Loop Mixing Systems 


Since closed loop mixers are normally designed for only one type and configuration of 
sample receiver and operate at a constant flow rate, these systems need only be reevaluated 
with changes in product type and increase in free water level. However, if more than one 
type and configuration of sample receiver is used with a given mixer, additional evaluations 
will need to be made for each configuration. 

It is recommended that a form similar to Attachment B be completed and maintained on 
file for each test conducted. 
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B.4.1| RECOMMENDED TEST PROCEDURES, EQUIPMENT, AND MATERIAL 
B.4.1.1 Test Procedures 
Water content may be determined by any of the following methods. 


a. ASTM D 95 (API MPMS Chapter 10.5), Zest Method for Water in Petroleum Products 
and Bituminous Materials by Distillation. 

b. ASTM D 1744, Test Method for Water in Liquid Petroleum Products by Karl Fischer 
Reagent. 

c. ASTM D 4928, Test Method for Water in Crude Oils by Coulometric Kari Fischer 
Titration. 


B.4.1.2 Test Equipment and Materials 


Four place laboratory balance (capable of reading to 0.0001 g). 
One place laboratory balance (capable of reading to 0.1 g). 
Two gas-tight syringes with 127-millimeter (5-inch) needles. 

. Clean sample receiver. 

Heater. 

Beakers. 

. Dry petroleum product/Bituminous material. 

. Deionized distillated water. 
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B.4.2 BASE WATER DETERMINATION 


B.4.2.1 Products used in proving tests should contain less than 0.1 percent entrained 
water and no free water. To arrive at this level of water, it may be necessary to perform a 
preliminary distillation to remove excess water as described in ASTM D 2892 (Annex 8). 


B.4.2.2 With a beaker that, when full, can be weighed to the nearest 0.1 g, fill the sample 
container to be tested to its normal operating level (usually 80 percent full) with dry prod- 
uct. The best procedure for. weighing the product is to first fill the beaker with product and 
weigh it. Then pour the product into the sample receiver and re-weigh the beaker. The sum 
of the required number of pours from the beaker is the total weight of dry product in the 
sample receiver. 


B.4.2.3 Connect or align the sample receiver with the circulation pump and begin 
mixing. After 15 minutes and while the mixer is running, draw duplicate test specimens and 
determine the base line water content to the nearest 0.1 percent. Results of the duplicate 
draws should be within 0.05 percent (absolute) of each other in order to be acceptable. If 
results do not agree to those tolerances, repeat using suggestions in B.4.2.2 until conditions 
are established that provide satisfactory agreement. 


B.4.3 TEST FOR KNOWN WATER LEVEL 


B.4.3.1 Using a beaker, add a quantity of water to the sample container that will increase 
the water content to a level that is 1 percent higher than the amount normally expected to 
be incurred in the given product. Return to the sample receiver any excess product that was 
drawn when test specimens for the base line were being drawn. 


Note: Most closed loop mixing systems either do not have septums through which test specimens can be drawn 
or operate at a high enough pressure that use of septums is unsafe. In either case, it is recommended that the test 
specimen draw-off valve be equipped with a short piece of 10-millimeter (¥-inch) copper tubing on which a short 
piece of plastic tubing has been slipped over the open end. The open end of the plastic tubing is placed in a clean 
0.95-L (1-quart) jar. Once flow is established and the tubing volume displaced, the syringe can be filled through a 
hole that has been punched in the plastic tubing with the syringe needle. 
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B.4.3.2 Calculate the percent mass of water in the sample receiver giving consid- 
eration to the following: 


a. Base water found in B.4.2.3. 
b. Weight of water added in B.4.3.1. 


B.4.3.3 After adding water to the sample receiver, let it sit undisturbed for 15 minutes 
and then mix for 15 minutes. After 15 minutes of mixing, draw duplicate test specimens 
and test for percent mass of water. At predetermined intervals of 5 or 10 minutes, continue 
to draw and test duplicate test specimens for a total of 25 or 35 minutes mixing time. 


B.4.4 ANALYSIS OF RESULTS 


B.4.4.1 The system and mixing time are adequate when duplicate test specimens are 
obtained that agree within 0.1 percent absolute of each other and the calculated percent 
mass of water in B.4.3.2. 


B.4.4.2 Experience has shown that effective systems have mixing times of 15 to 20 
minutes. Normally, additional mixing is of no value and often produces diminishing results 
due to a reduction in viscosity from an increase in temperature. In these situations, consid- 
eration has to be given to changing the flow rate, in-line static mixer, configuration of the 
sample receiver, suction or discharge, or a combination thereof until the chosen conditions 
result in a mixture that yields the required agreement within an acceptable time. 
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SECTION 5—-WATER DETERMINATION IN PETROLEUM PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 


) ATTACHMENT A 


PROVING TEST DATA SHEET FOR INSERTION MIXERS 
(Using Karl Fischer Test Method) 


Sample 
Mixer Product Container 
Mixer Ice Bath 

Speed Time Required 

Position of Mixer Head, Suction/Discharge Ports 

Date Lab Technician 

I. Base Water Content of Product 

TEST SPECIMEN 1 TEST SPECIMEN 2 

Weight of Test Specimen g g 
Lg Water 
% Mass Water ug + (g x 10000) 
Average Base Water, % Mass (a) 

II. Calculated % Water in Sample 
Weight of Sample Container and Product (1) g 
Weight of Empty Container (2) g 
Weight of Product (1) — (2) Q) g 
Weight of Water Added (4) g 
Total Weight of Sample (3) + (4) (5) g 
Weight of Base Water (3) x (a) + 100 (6) g 
Weight of Water Added (4) (7) g 
Total Weight of Water Present (6) + (7) (8) g 


_ Total Weight of Water (8) “ 
Calculated % Water = Tolal Weiphtof Sample (6) x 100 % Mass 


TEST RUNS 
TEST SPECIMEN 1 TEST SPECIMEN 2 Avg. 
Test Specimen Drawn Wt. lg % Mass* Wt. Lg % Mass* % Mass* 


At End of Mixing 
15 Min. after Mixing 


*All values must agree within 0.1% of one another. 


Remarks: 
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SECTION S—WATER DETERMINATION IN PETROLEUM PRODUCTS AND BITUMINOUS MATERIALS BY DISTILLATION 


ATTACHMENT B 


PROVING TEST DATA SHEET FOR CLOSED LOOP MIXING SYSTEMS 
(Karl Fischer Test Method) 


Location. Date Technician 
Mixer Sample 
Manufacturer Model Receiver Model 
Running In-Line 
GPM Press Static Mixer 
I. Weight of Product Placed in Sample Receiver 
BEAKER BEAKER 
POUR FULL WEIGHT EMPTY WEIGHT NET (g)_ 
1 
2 
3 
4 
5 
6 
Total Product Weight (a) g 
Il. Base Water Content of Product 
TEST SPECIMEN 1 TEST SPECIMEN 2 
Weight of Test Specimen g g 
fig Water 
% Mass Water ug + (g x 10000) 
Average Base Water, % Mass (b) 
Til. Calculated % Water in Sample 
Weight of Product (c) qd) g 
Weight of Water Added (2) g 
Total Weight of Sample (1) + (2) (3) g 
Weight of Base Water (1) x ____s(b) +: 100 (4) g 
Weight of Water Added (2) (5) g 
Total Weight of Water Present (4) + (5) (6) g 


Total Weight of Water (6) 


Seis ok 
Calculated % Water Total Weight of Sample G) x 100 % Mass 
TEST RUNS 
TEST SPECIMEN _1 TEST SPECIMEN 2 Avg. 
Time Wl. beg Yo Mass* Wt. yg % Mass* % Mass* 


*All values must agree within 0.1% of one another. 
Remarks: 
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